In their natural setting, plants have to deal with a whole range of environmental changes that determine plant growth and development. Hormones and many endogenous signals regulate plant growth and development, which in combination with the genetic information determine the plant's shape (development). Auxins and cytokinins (CK) regulate cell division and expansion, lateral-root development, and apical dominance [15, 20, 21, 33] . Gibberellins (GAs) and brassinosteroids (BS) promote germination, stem elongation, and flowering, and regulate photomorphogenesis [44] . Abscisic acid (ABA) is involved in several stress signaling pathways and promotes seed dormancy [2] .
Microorganisms interact with plants either beneficially or as pathogens and may influence plant growth and development. Perception of microorganisms by plants is highly coordinated through cellular processes that determine the final outcome of the relationship, ranging from parasitism to mutualism [3, 36] . A number of plant-associated microorganisms have been described to synthesize phytohormones, which are necessary to mediate communication between the plant and microorganisms. Free-living microorganisms are also able to produce phytohormones [6] . It is well known that many bacteria are able to stimulate plant growth through direct or indirect mechanisms; these are called plant growthpromoting rhizobacteria (PGPR) [6] . PGPR increase plant growth by improving mineral nutrition, disease suppression, or phytohormones production, such as auxins, CK, GAs, and volatile organic compounds [11] .
Like PGPR, some rhizosphere fungi are able to promote plant growth and development. Fungi described in the literature as PGPF belong to genera Penicillium, Fusarium, Trichoderma, and Phoma [6, 19] . Fungi may provoke profound effects on growth and health of plants by direct and/or indirect mechanisms, such as indirect-like antibiotics and siderophores production; and directly such as by solubilization of minerals [6, 19] . The plant growth-promoting capacity of PGPF is partly due to the production of secondary metabolites such as indole-3-acetic acid (IAA), CK, GAs, ethylene (ET), and other plant growth-promoting substances [6, 10, 44] . PGPF can also provide protection against pathogens not only by the production of phytohormones, but also through the production of molecules that affect hormone homeostasis within the plants [6, 19, 44] .
Several studies have demonstrated that PGPF induce systemic protection against phytopathogens [19, 23] . Phytohormones, salicylic acid (SA), jasmonic acid (JA), and ET play important roles in the induced defense responses [26] . Furthermore, ABA, BS, GAs, and auxins have also been reported to play important roles in plant defense response, but their involvement has been poorly studied [35] .
To defend from pathogen attack, plants have evolved constitutive and inducible resistance mechanisms [35] . During recognition of a pathogen, plants activate the hypersensitive response (HR), a localized mechanism characterized by the production of reactive oxygen species and programmed cell death where the plants prevent invasion and spread of pathogens [13] . After a localized response by exposure to a pathogen, plants trigger another response known as systemic acquired resistance (SAR), and this can be either local or systemic and is associated with the synthesis of pathogenesis-related proteins (PR), which are dependent on endogenous SA accumulation [8] .
Induction of defense responses is not only provoked by pathogens, but it might result also from the colonization of plant roots by some PGPR. This colonization results in the induction of a response called induced systemic resistance (ISR) [35, 36] . JA and ET regulate the ISR, which is effective against a broad range of phytopathogens [35, 42] . Recently, it has been demonstrated that there is a cross-talk between the SA and JA/ET signaling pathways modulated through the function of NPR1 protein (non-expressor of PR-genes 1) [41] . Furthermore, a transcript-profiling analysis showed a high number of co-induced or co-repressed genes by SA and JA [17, 38] . These studies illustrate the complexity of the interaction among plant defense pathways and support the flexibility of the plant defense response to fine-tune the appropriate mechanisms [2, 5] .
As mentioned, plant pathogens and beneficial microorganisms are able to induce multiple plant signals mediated by elicitor molecules and hormones or by interfering with the plant defense system by distorting the plant hormonal networks [6, 35, 42] . Here, we are reporting the effects of the plant growth-promoting fungus A. ustus on growth and development of Arabidopsis thaliana through auxin and GAs production, as well as the induction of systemic resistance against hemibiotrophic and necrotrophic phytopathogens. We are also reporting local and systemic induction of JA/ ET, SA, and oxidative burst defense-related genes and of that involved in the synthesis of the main phytoalexin, camalexin, in this model plant.
MATERIALS AND METHODS

Biological Material and Growth Conditions
Solanum tuberosum (potato), Arabidopsis thaliana ecotype Col-0, transgenic lines CycB1;1::GUS [9] , DR5::GUS [45] , and mutant lines etr1-3 [24] , eir1-1 [30] , ahk2-2 [33] , ahk3-3 [20] , axr4-1 [22] , aux1-7 [34] , rhd6 [31] , and abi4-1 [16] were used in the different experiments. Arabidopsis seeds were sterilized in 95% (v/v) ethanol for 5 min and washed twice in distilled water. Seeds were germinated and grown on agar plates containing 1× Murashige and Skoog (MS) medium [32] . Plates were placed vertically at an angle of 70 degrees to allow root growth along the agar surface and to allow aerial growth of the hypocotyls. Plants were placed in a plant-growth chamber with a photoperiod of 16 Pseudomonas syringae pv. tomato DC3000 (Pst DC3000) [12] was routinely grown on solid Kings B medium [27] . For bacterial suspension, it was grown on liquid Kings B medium until reaching an optical density of 0.2. Botrytis cinerea was isolated from a tomato field in San Luis Potosi, Mexico, and it was routinely grown for 7-10 days on PDA (Difco). Conidia were scraped and collected from Petri dishes with distilled water, counted in a hemocytometer, and adjusted to 1×10 6 conidia/ml. A. ustus was isolated from axenic tissue potato cultures and was routinely grown on PDA for 10 days, after which spores were scrapped and collected with sterile distilled water, counted in a hemocytometer, and adjusted to 1×10 6 conidia/ml in sterile distilled water.
Isolation and Molecular Characterization of A. ustus An A. ustus plug was placed on a Petri dish overlaid with sterile cellophane, and incubated for 7 days at 28 o C, and the mycelia were scraped from the surface of the cellophane and frozen in liquid nitrogen for DNA extraction [37] . Total DNA was used to amplify the internal transcribed spacer (ITS) from 18S rDNA using the primers ITS1 (5'-TCCGTAGGTGAACCTGCGG-3') and ITS4 (5'-TCCTCCGCTT ATTGATATGC-3') [46] . Amplicons were cloned in pGEM-Teasy (Promega) and sequenced by the Sanger reaction in an ABI sequencer (Applied Biosystems). Sequences were compared against the nonredundant NCBI database, using the BLAST algorithm A. USTUS PROMOTES ARABIDOPSIS GROWTH AND DISEASE RESISTANCE 688 [1] . A 100% identity was found between sequences of A. ustus and sequences of different strains of A. ustus in the NCBI database.
Plant Growth-Promotion Experiment A. ustus was evaluated in vitro for its plant growth-promotion ability on all the lines used in this work. Ten-day-old seedlings were grown on agar plates containing 1× MS medium (5 seedlings per plate) and inoculated by placing three plugs of A. ustus at 3 cm from A. thaliana roots (Col-0 and mutant lines). The interaction was evaluated 8 days PI. Each experiment consisted of 25 plants and was repeated twice.
Histochemical Analysis
For histochemical analysis of GUS activity, Arabidopsis transgenic seedlings were incubated overnight at 37 o C in a GUS reaction buffer (0.5 mg/ml of 5-bromo-4-chloro-3-indolil-β-D-glucoronide in 100 mM sodium phosphate, pH 7). The stained seedlings were rinsed in 70% ethanol for 5 min, and then mounted for microscopy [25] . For each marker line and for each treatment, at least 10 transgenic plants were analyzed. A representative plant was chosen and photographed, using a digital camera connected to a microscope using the Motic Images plus 2.0 ML software.
Production of Indole Acetic Acid-Related Indoles (IAA-Related Indoles) and GAs by A. ustus IAA-related indoles production by A. ustus was determined in the presence and absence of L-tryptophan. Bacillus subtilis was included as an IAA-related indoles producer. The fungi were grown in 200 ml of MS medium supplemented with a filter-sterilized solution of L-tryptophan at 200 µg/ml. Flasks were inoculated with 1×10 6 conidia/ml suspension and incubated at 28 o C for 8 days. Culture supernatants were recovered by centrifugation at 3,000 rpm for 10 min and filtered through a 0.45 µm membrane and stored at 4 o C until used for the assays. One ml of supernatant was mixed with 2 drops of orthophosphoric acid and 2 ml of Salkowski's reagent (50 ml, 35% perchloric acid; 1 ml 0.5 M FeCl 3 ) [18] . After room temperature incubation in the dark for 20 min, the absorbance was read at 530 nm using an Simadzu UV-1700 PharmaSpect spectrophotometer. IAA-related indoles concentrations were estimated using a triplicate standard curve for commercial IAA (Sigma Aldrich) prepared in MS medium.
For GAs production, the culture filtrate was adjusted to pH between 1 and 2 with 0.1 M HCl and then extracted with an equal volume of ethyl acetate in a separating funnel. The GAs were reextracted from ethyl acetate with successive portions of 20, 15, and 10 ml of phosphate buffer (pH 7.4), with shaking each time by 60 s, and then combining each extraction in a 50 ml volumetric flask. The volume of this flask was made up with phosphate buffer. GAs were spectrophotometrically determined at 254 nm [7] in a Shimadzu UV-1700 PharmaSpect spectrophotometer. The values obtained were computed using a triplicate standard curve for commercial GA conidia/ml suspension of B. cinerea. To the suspension of bacterial or fungal spores, Break-Thru was added to a final concentration of 0.1% as the surfactant agent (Goldsmith Chemical Corporation). Plants were placed in the greenhouse and watered for 5 days to increase the relative humidity. Seven days PI with the pathogen, the percentage of leaf damage was calculated by obtaining the total leaf area and the total leaf area damaged. Then the ratio between these values gave the percentage of damaged area. Each treatment consisted of 10 plants, and the experiment was repeated two times with similar results.
RT-PCR Analysis
Fourteen-day-old Arabidopsis Col-0 plants grown in MS medium were inoculated with a 1×10 6 conidia/ml suspension from A. ustus. Co-cultures were placed in a plant-growth chamber with a photoperiod of 16 h light, 8 h darkness, and temperature of 24 o C, and allowed to interact for 48, 72, and 96 h. At the indicated times, roots and leaves were separated, and frozen in liquid nitrogen, and RNA was isolated using concert plant RNA reagent (Invitrogen) as described by the manufacturer. Total extracted RNA was DNAse treated using rDNAse I (Ambion). Total RNA (2 µg) was reverse-transcribed with SuperScript II Reverse Transcriptase (Invitrogen). cDNA was used Table 1 . Oligonucleotides used in this study for RT-PCR analysis of defense-related genes in Arabidopsis thaliana.
Primer name
Sequence (5'-3') Gene amplified Accession No. 
RESULTS
A. ustus Induced Potato Plant Growth
A plant growth-promoting fungus was isolated from potato plants and was identified as Aspergillus ustus by ITS sequencing. To investigate if the A. ustus isolate induces potato growth, 20-day-old potato plants were inoculated with fungal conidia or with a conidial suspension of the entomopathogenic fungus Paecilomyces fumosoroseus included as the control. Fig. 1A shows that potato seedlings treated with A. ustus grew more than those treated with P. fumosoroseus or untreated control plants. A similar behavior was observed when fresh (Fig. 1B) or dry plant weights were measured (Fig. 1C) . These results clearly show that A. ustus is a plant growth-promoting fungus.
A. ustus Induced Growth and Root Architecture Changes in A. thaliana To closely investigate the role of A. ustus in plant growth and development, 10-day-old A. thaliana Col-0 seedlings were inoculated with A. ustus. Eight days PI, a marked increase in growth was observed in both shoots and roots compared with control seedlings (Fig. 2A) . We determined that inoculation of Arabidopsis Col-0 with A. ustus increased 3-fold the lateral-root number and the root hairs number (Fig. 2B and 2C, respectively) , whereas the root and shoot fresh weights (Fig. 2D and 2E , respectively) increased 2-fold compared with control seedlings. We also assessed the same experiment on a group of A. thaliana transgenic lines, including a cyclin CycB1 marker and the DR5 auxin marker, observing similar results as those obtained with the Col-0 WT line (data not shown). Based on these results, we conclude that A. ustus is a plant growth-promoting fungus that alters root architecture and promotes biomass production in A. thaliana.
A. ustus Induced Expression of the Cell Cycle Marker CycB1;1::GUS in A. thaliana Root Tips and Meristems Based on our results of A. ustus induction of A. thaliana growth promotion and root architecture changes, we decided to use an Arabidopsis line that carries a fusion of the cyclin CycB1 promoter to the GUS reporter gene to investigate if the fungus promotes cell division in this plant. Thus, 10-day-old CycB1;1::GUS Arabidopsis seedlings were inoculated with A. ustus. Eigth days post-inoculation, seedlings were stained for GUS activity to further analyze plants under the microscope. A basal expression of GUS activity was observed in the root primary tips of the mocked CycB1;1::GUS plants (Fig. 3A) , whereas the A. ustus-inoculated plants showed an enhanced GUS activity (Fig. 3B) . Interestingly, the inoculated plants showed a notorious thickening of the root (Fig. 3B) when compared with the mocked plants (Fig. 3A) . Microscopic analysis of GUS activity in lateral-root meristems from inoculated plants showed more activity (Fig. 3D ) than control plants (Fig. 3C) . Based on these results, we conclude that A. ustus promoted growth through a cyclin-based mechanism. Based on our results in which A. ustus induced formation of lateral roots, an increase in root hairs number, shortening of roots, and cell division, we hypothesize that this behavior could be due to the presence of auxin or ethylene-like molecules secreted by the fungus.
A. ustus Rescued the Altered Root Hair Initiation Phenotype of Arabidopsis rhd6 Mutant Until now, our results clearly show a plant development as described for the action of auxins or ET. Taking into account these results, we decided to test a mutant affected in the root hair initiation, whose phenotype is rescued by the addition of exogenous IAA or by the ET precursor 1-aminocyclopropane-1-carboxylic acid (ACC). The rhd6 mutant has been used as a tool to study the mechanism of IAA or ET action [10, 31] . Fig. 4 shows that inoculation of rhd6 plants with A. ustus rescued their root hair initiation phenotype. The upper panel shows a comparison between the rhd6 untreated plants against the A. ustus inoculated plants; the graph below depicts around 12 lateral roots against 2 from the mocked plants. The second panel shows a representative magnification of the apical root of nontreated and treated seedlings, where the mocked plants presented no root hairs, whereas the WT phenotype was rescued in rhd6 seedlings treated with A. ustus. These results support our hypothesis that an auxin-like mechanism is working during A. ustus-Arabidopsis interaction to promote growth and change the root architecture in Arabidopsis. A. ustus Induced the DR5 Auxin Marker in A. thaliana In order to closely elucidate the participation of an auxinlike molecule during the interaction of Arabidopsis with A. ustus, we further analyzed the interaction by inoculating 10-day-old DR5::GUS plants growing in vitro with A. ustus. The DR5::GUS transgenic line has been used to monitor auxin-regulated gene expression in several works [10, 45] . Eight days PI, DR5::GUS plants were analyzed under the microscope. Interestingly, A. ustus inoculation slightly increased the GUS activity in the root tips as compared with mocked plants (Fig. 5A and 5B). We also analyzed the lateral-root primordia in several stages, observing the same effect (Fig. 5C-5F ). We did not observe an enhancement of GUS activity in the meristematic zone from leaves ( Fig. 5G and 5H) . These results strengthen our hypothesis about the involvement of an auxin-dependent mechanism in plant growth and root architecture changes in A. thaliana mediated by A. ustus.
Inoculation of Arabidopsis Mutants Insensitive or Resistant to Several Hormones Responded to the Secreted Molecules by the Fungus
To understand the induced growth effect on A. thaliana by A. ustus, we took advantage of some existing mutants in auxin, ET, CK, or ABA signaling. Briefly, we placed to grow in vitro a set of mutants, including the ET etr 1-3, and eir 1-1, CK receptor ahk 2-2, and ahk 3-3, the ABA, abi -4, and mutants resistant to auxins, Aux1-7, and Axr 4-1. Fig. 6A shows that the whole set of mutant lines responded to the presence of the fungus, and the lateralroot number average for the mocked seedlings was near 10 per plant, whereas inoculated plants showed from 25 (etr1-3, hk2-2) (more than double) up to 45 lateral roots per plant (Fig. 6A) . Concerning the root hairs number, the mocked seedlings showed an average of 10 to 15, whereas the treated plants presented from 25 to 40 more root hairs than the control plants, except the Aux1-7 and Axr4-1 whose hair number reached 110 and 120 root hairs per plant, respectively (Fig. 6B) . We also measured the effect of A. ustus in plant growth by weighing the shoot and root fresh weights. The root and shoot fresh weights were less in non-treated mutants ( Fig. 6C and 6D ) than that reached by the non-treated wild-type plants (Fig. 1B) . The hk2-2, and ahk3-3 mutants did not show as good a response as the other mutant lines, whereas the cytokinin mutants presented 2 mg per plant in non-inoculated plants, and eir1-1 and etr1-3 weighed from 3 to 5 mg. The Arabidopsis line that showed the best response was the mutant abi4-1 reaching 4 mg for mocked plants vs. 9 mg for treated plants (Fig. 6C  and 6D ). Our results indicate that these genes are not required to respond to A. ustus.
The Plant Growth-Promoting Fungus A. ustus Produces IAA-Related Indoles and GAs In order to identify the molecules secreted by the fungus involved in plant growth promotion, we analize the ability of A. ustus to produce IAA-related indoles and GAs. Briefly, A. ustus was grown in MS medium ammended or not with L-tryptophan. Basic IAA-related indoles production in MS medium contained 0.79 ± 0.11 and 25.28 ± 1.96 µg 
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IAA-related indoles/ml for A. ustus and B. subtilis (included as IAA producer), respectively ( Table 2) . Suplementation of MS medium with L-tryptophan enhanced IAA-related indoles production by both the fungus (7.94 ± 0.30 µg/ml) and the bacteria (106.36 ± 6.94 µg/ml) ( Table 2) . A. ustus was also tested for GAs production, determining the presence of 9.689 ± 0.694 µg/ml of GAs in culture filtrates ( Table 2) . A. ustus Conferred Resistance to A. thaliana Against Different Lifestyle Pathogens It has been described that several beneficial microorganisms induce plant defense response against phytopathogens. To assess the possible protection induced by A. ustus to A. thaliana against phytopathogens, Arabidopsis seedlings treated with A. ustus were inoculated on leaves either with a suspension of the hemibiotrophic bacteria Pst DC3000 or with spores of the necrotrophic fungus B. cinerea. Fig. 7A shows that the mocked leaves were 60% affected by the bacterial phytopathogen Pst DC3000, whereas the A. ustus-pretreated plants showed 20% of foliar damage. The inoculation of Arabidopsis seedlings with A. ustus reduced considerably the foliar damage induced by Pst DC3000. Concerning the Arabidopsis seedlings that were not inoculated with A. ustus and inoculated with B. cinerea (Fig. 7B) , the foliar damage almost reached 75%, whereas the A. ustus-pretreated plants diminished their damage around 40%. The foliar damage in non-inoculated plants with A. ustus was almost the same when the plants were inoculated with the bacteria; however, the protection against the fungus was much less than that conferred against Pst DC3000. From these results, we conclude that the plant growth-promoting fungus A. ustus confers protection to A. thaliana against fungal and bacterial phytopathogens with different lifestyles.
A. ustus Induced Local and Systemic Expressions of Genes Associated with the Plant Defense System in A. thaliana To better understand the mechanism by which A. ustus induces resistance against fungal and bacterial pathogens in Arabidopsis, the expression of defense-related genes to SA, JA, oxidative burst, and camalexin were measured at 48, 72, and 96 h PI of Arabidopsis with A. ustus. Expression of PR-1a and PR-2, SA-related genes, was clearly induced locally at all the tested times (roots) (Fig. 8A) . However, in leaves, only the PR-2 gene was induced (Fig. 8B) . The ET/ JA selected genes PDF1.2 and LOX-1, as well as PAD3 and ATPCA involved in the synthesis of camalexin and oxidative burst, respectively, were locally and systemically induced at all the tested times ( Fig. 8A and 8B ). These results indicate that A. ustus induces protection against fungal and bacterial pathogens through SAR, ISR, and the synthesis of the main phytoalexin (camalexin) in Arabidopsis thaliana.
DISCUSSION
Plant growth-promoting rhizobacteria (PGPR) have been extensively studied concerning their capability to induce biomass production and systemic resistance to plants [29, 36] . However, plant growth-promoting fungi (PGPF) have been less studied.
The fungus A. ustus has been isolated from aseptically cultured grass Bouteloua eriopoda (black grama) and from the shrub Atriplex canescens (fourwing saltbush). A. ustus was classified as an endophyte to these plants [28] . Barrow and Osuna [4] described that this fungus assists with phosphorus uptake in A. canescens and it can propagate vegetatively or sexually in soil. By culturing potato plants in aseptic cultures, we isolated and identified by ITS sequencing a fungus denominated A. ustus, which promotes growth to potato plants. To better understand the effect of A. ustus on plant growth promotion, Arabidopsis plants were tested with the fungus and results were similar to those obtained by Barrow and Osuna [4] in A. canescens (Pursh) Nutt, such as increased shoot and root biomass. Our results demonstrate clearly that Arabidopsis root colonization by A. ustus is not necessary for inducing plant growth promotion. Inoculation of Arabidopsis with A. ustus affected the root system by inhibiting primary root growth, and increased the lateral-root number, lateral-root growth, and root hairs length. These effects provoked by A. ustus on Arabidopsis suggest the action of phytohormones. In this sense, many microorganisms have been reported to produce and secrete phytohormones to the medium [11] . We conclude that A. ustus could be classified as an endophyte for some grass plants and as a PGPF for potato, A. thaliana, and grass.
It is well known that phytohormones play essential roles in the plant cell cycle, mainly at the transcription level [43] . CK are phytohormones produced in roots and shoots that play important roles regulating the cell cycle, growth, and development in plants. To investigate cell cycle activity at the transcriptional level induced by the inoculation of plants with A. ustus, we used the Arabidopsis marker line for cell division, CycB1;1::GUS, whose promoter activity correlates well with the mRNA localization [15] . We observed an enhanced activity of CycB1 promoter in tip roots and root meristems, similar to those effects induced by the application of auxin-like molecules [21] . In addition, it was found that inoculation of Arabidopsis cytokinin receptor mutants ahk2-2 and ahk3-3 inoculated with A. ustus were able to recover their wild-type phenotypes. Based on these results, it was concluded that A. ustus promotes cell division in Arabidopsis and that proteins encoded by ahk2-2 and ahk3-3 genes are not necessary to respond to the secreted molecules by A. ustus.
Our results with the DR5::GUS Arabidopsis transgenic lines showed slight induction of DR5::GUS expression in primary root tips, suggesting the production of an auxinlike molecule by A. ustus. Indeed, we observed a slight increase in the expression of DR5::GUS in lateral-root primordia, which suggests that this effect could be due to an endogenous auxin effect. Fungi such as Fusarium, Rhizoctonia, Penicillium, Tuber, and Trichoderma [6, 10] are able to produce IAA. However, IAA production by fungus from the Aspergillus genus has not been reported at all. In this work, we showed that A. ustus produces IAArelated indoles that may be utilized for potato and Arabidopsis growth promotion.
GAs constitute the largest group of phytohormones, which are produced by both plants and microorganisms [44] . GAs stimulate stem and leaf growth by promoting cell division and elongation. GAs, auxin, and ET interact to promote elongation of light-grown seedlings [39] . GAs, CK, and auxin are all involved in shoot apical meristem development [44] . In this work, we demonstrated that A. ustus produces IAA-related indoles and GAs in liquid cultures, which could explain the rescue of the set of Arabidopsis mutants. Probably, the effect observed on the ethylene etr1-3, eir1-1, the abscisic acid abi4-1, and mutants resistant to auxins, Aux1-7, Axr4-1, could be due to the action of GAs and IAA-related indoles working together or separately. The differences on the mutant responses could be due to the genetic background and to the possible combinations between hormones for growth regulation and development in the presence of the fungus. To better understand the effect of A. ustus on plant growth, the production of CK or ET should be investigated.
PGPF can use more than one mechanism to control plant pathogens, including competition, antibiosis, predation, mycoparasitism, and triggering the systemic induced resistance [19, 23] . During plant-microbe interaction, phytohormones play important roles in plant growth and defense, and these hormones can be self-synthesized by plants or by their associated microorganisms. The roles of SA, JA, and ET in plant defense have been well established [13, 26, 35] . Plants activate distinct defense responses depending on the lifestyle of the pathogen. SA induces defense against biotrophic and hemibiotrophic pathogens, whereas JA/ET activates defense against necrotrophic attackers. On the other hand, it has been demonstrated that cross-talk between these defense signaling pathways optimizes the response against a single pathogen [40, 41] . In this work, we demonstrated that plants inoculated with A. ustus were more resistant to the necrotrophic fungus B. cinerea and to the hemibiotrophic bacteria Pst DC3000, the protection conferred to Arabidopsis by A. ustus against Pst DC3000 being more relevant. We also demonstrated that the PGPF A. ustus induces the simultaneous expression of genes related to the SA and JA/ET, oxidative burst pathways, and of the gene involved in the synthesis of camalexin. Although many reports describe an antagonistic interaction between SA-and JA/ET-dependent signaling, synergistic interactions have been described as well [35, 41] . These results could explain the enhanced systemic resistance against Pst DC3000 and B. cinerea. Therefore, we hypothesize that A. ustus produces and secretes molecules to the medium and these molecules activate the systemic resistance in Arabidopsis against phytopathogens.
In conclusion, A. ustus is able to promote growth of Arabidopsis and it is also able to rescue the phenotype of a set of mutants affected in different hormone response pathways. Therefore, the tested wild-type gene products are not necessary to respond to the secreted A. ustus molecules. Moreover, our results showed that A. ustus produces IAA-related indoles and GAs in liquid cultures, which may have a positive effect on Arabidopsis. A. ustus induced the expression of JA/ET, SA, and synthesis of camalexin-related genes without colonizing the Arabidospis roots, which allowed us to hypothesize that the overlapping of genes related to these pathways is responsible for the systemic resistance against hemibiotrophic and necrotrophic phytopathogens in Arabidopis.
